The experiment was conducted to study the performance of three T. Aman varieties (BR22, BRRI dhan46 and BRRI dhan49) under normal transplanting with 30, 45 and 60 days old seedlings and double transplanting ( 30 days + 30 days) system at Plant Physiology Division of Bangladesh Rice Research Institute, Joydebpur, Gazipur during T. Aman season, 2013. Interaction effect was significant only for days to maximum flowering and sterility percentage. BR22 required longer duration to complete flowering when transplanted with 60 days old seedlings, while sterility percentage was higher in BRRIdhan 49 when transplanted with same aged seedlings. Photosynthetic rate, LAI, total dry matter production, yield contributing characters and harvest index of tested varieties were insignificant under different transplanting methods; these parameters contributed to produce similar grain yield. The results revealed that rice varieties BR22, BRRI dhan46 and BRRI dhan49 showed similar performance under normal transplanting with different aged seedlings and double transplanting in respect of photosynthetic rate, tillering pattern, LAI, total dry matter production and grain yield during T. Aman season.
INTRODUCTION
Double transplanting is a crop establishment system in rice cultivation where rice seedlings are transplanted twice, first on a piece of high land, and then in the main field after the recession of heavy rains. It is also practiced in Boro season when main field is occupied by other crops at transplanting time. It is laborious and sometimes not economic if yield is not better than normal transplanting with same aged seedlings. However, the yield reduction of aged seedlings can be overcome by transplanting seedlings from primary to secondary nursery (Sarma et al., 2010) . Simultaneously, this practice helps in producing healthy and taller seedlings that can easily overcome the adverse situation like high water depth at the time of transplanting (Rautaray, 2007; Ashim et al., 2010) . In some flood-prone areas, farmers practice double transplanting (even triple transplanting) to produce taller seedlings for transplanting in standing water at the beginning of the season (India and Bangladesh) or to rejuvenate seedlings while waiting for the floodwater to recede to levels that can allow transplanting in the main field. Because Aman rice cultivation in low lying areas through double transplanting system an appropriate technology to avoid submergence problem in the flood prone areas (BRRI, 1994) . Such a system with triple transplanting is practiced in Indonesia and could be further improved through the choice of proper varieties (eg., photoperiod-sensitive varieties seem to be better adapted) or proper management of seedlings in nurseries or after transplanting in the field (Ram et al., 2010) . It is also said that double transplanted rice produce more yield than normal transplanting with same aged seedlings (Ashim et al., 2010; Ziagua, 2000; Satapathy, 2015) . So, a comparative study of normal transplanting and double transplanting system on the basis of some growth parameters and yield is required. Therefore, this experiment was conducted to study the performance of of some T. Aman varieties under normal transplanting and double transplanting systems.
MATERIALS AND METHOD
The experiment was conducted at the Plant Physiology Division of Bangladesh Rice Research Institute (BRRI), Joydebpur, Gazipur during T. Aman season of 2013. The experimental site is located at the centre of the agroecological zone of Madhupur tract (AEZ-28). The soil belongs to the Chhiata series of the Grey Terrace soils (Aeric Albaquept) under the order Inceptisols in the USDA Soil Taxonomy (SRDI and BARC, 2005) . The soil was clay loam in texture having pH 6.2, organic matter content 1.3%, total N 0.07%, available P 22.0 ppm, exchangeable K 0.20 me/100 g soil and available S 44 ppm (BRRI, 1999) . Three seedling ages (30, 45 and 60 days) for normal transplanting along with double transplanting (30 days + 30 days) were studied on three T. Aman varieties (BRRIdhan49, BRRIdhan46 and BR22). Transplanting methods were treated as factor A and T. Aman varieties as factor B. The experiment was laid out in Randomized Complete Block Design with three replications. The unit plot size was 3m × 3m. For raising seedlings, sprouted seeds of all varieties were sown in the seedbed. In double transplanting system (30 days + 30 days), thirty days old seedlings were transplanted at 10cm×10cm spacing using 9 seedlings per hill in a separate plot. After 30 days of first transplanting, the entire hill were uprooted and again transplanted in the main field with 2-3 tillers hill -1 at 20 cm × 15 cm spacing. In normal transplanting system thirty, forty five and sixty days old seedlings were transplanted at 20cm×15cm spacing in the main fields, respectively. Both normal transplanting and double transplanting were done in the main field on the same date at 8 August, 2013. The soil was fertilized with 90-10-35-8 kg ha -1 of NPK and S in the form of urea, TSP, MOP and gypsum. The entire quantities of fertilizers except urea were applied at final land preparation. Urea fertilizer was top dressed in three splits. First and second dose was applied at 10 days and 30 days after transplanting, respectively. Third dose was applied 5-7 days before panicle initiation. Other cultural practices were done as and when required. Tillering rate was measured at 15, 30, 45 and 60 days after transplanting (DAT) by four adjacent hills basis and tiller number hill -1 was converted into tiller m -2 . Photosynthesis data was taken at maximum flowering stage considering flag leaf at the middle portion using LI-6400 portable photosynthesis system. Ten hills were considered randomly from each replication for measuring photosynthesis data. For taking leaf area and dry matter weight, samplings were done at 60 and 80 DAT from the area out of the area for yield measurement. Dry matter weight was also taken at harvesting time. From leaf area data, leaf area index (LAI) was calculated according to Gomez (1972) . Samples for yield components were taken from three representative hills at physiological maturity. The crop was harvested from an area of 5m 2 excluding border for yield measurement. Grain yield was adjusted at 14% moisture level and converted it to t ha -1 . All data were analyzed by using CROPSTAT 7.2 statistical software of IRRI.
RESULTS AND DISCUSSIONS Growth characteristics:
Tillering pattern : Tiller number increased with the increase of age of plant up to 45 DAT and then decreased onwards in all normal planting system in all the varieties. Initially tiller number was high in double transplanting and it gradually dropped after second transplanting in all the varieties. Minimum tiller number was found after flowering stage due to death of later formed tillers (Figure 1 ).
Leaf area index (LAI):
Maximum LAI was observed for normal transplanting with 45 days old seedlings both at 60 DAT and 80 DAT in all the varieties and other treatment combinations were statistically similar. Higher LAI at 60 DAT with 45 days old seedling was due to higher tillering density at this stage. LAI decreased with age from flowering to maturity in all the treatment combination due to leaf senescence. Higher LAI indicated more green leaf area producing more assimilates and supplied sufficient assimilates to the grains resulted reduction in grain sterility. But LAI at 80 DAT became similar both for normal transplanting and double transplanting with same aged seedling in all varieties except BR22. Zhong et al. Total dry matter weight: Total dry matter weight increased with increasing age of plants in all the varieties. Total dry matter weight increased sharply up to 80 DAT, then increased slowly and at maturity it became stable. Azarpour et al. (2014) stated that maximum total dry matter accumulation was occurred at grain filling. Total dry weight is increased over time so that at early growth stages it increases with fewer gradients and in later stages, slope increasing is greater until total dry weight reaches to its maximum (grain filling). Total dry matter weight at 60 DAT, 80 DAT and at harvesting stage was statistically similar both for double transplanting and normal transplanting in all the varieties. This was happened due to similar photosynthetic rate of all the varieties at different transplanting methods (Figure 3 ) . 
Yield and yield components Effect on varieties:
Significant variation was present among the varieties for days to maximum flowering, number of panicles m -2 , number of grains panicle -1 , 1000-grain weight and grain yield (Table 1) . BR22 required more days (109 days) to attain maximum flowering stage while BRIdhan49 required less days (103 days). The highest number of panicle m -2 (235.41) was recorded in BRRIdhan49 which was statistically identical to BR22 and the lowest was obtained from BRRIdhan46. On the other hand, grain panicle -1 was maximum (127.13) in BR22 and it was similar to BRRIdhan49. Thousand grain weight of BRRIdhan46 was maximum (24.93g) but that of BRRIdhan49 and BR22 was lower. The highest grain yield (5.44 t ha -1 ) was observed in BRRI dhan49 which was at par with BR22 and the lowest yield was found in BRRI dhan46 (Table 1) . Maximum grain yield in BRRIdhan49 was due to higher number of panicle m -2 and grain per panicle. Hassan et al. (2003) also reported that grain yield is a function of interplay of various yield components such as number of productive tillers, spikelets per panicle and 1000-grain weight. (Table 2) . Photosynthetic rate decreased with increasing seedling age but it was maximum in double transplanting system. Days to maximum flowering, number of panicle m -2 increased but number of grain panicle -1 decreased with the increase of seedling age. Grain yield variations among the varieties due to transplanting methods were insignificant. This was occurred due to combined effect of number of panicle m -2 and grain per panicle (Table 2) . Effect of interaction: Significant variation was observed for days to maximum flowering and sterility percentage among all treatment combinations. Other parameters including grain yield were statistically similar (Table 3, 4 & 5) . Maximum days to complete flowering was observed in BR22 at normal transplanting with 60 days aged seedlings followed by double transplanting. Minimum days to complete flowering was observed in BRRI dhan49 at normal transplanting with 30 days old seedlings. The variation among the treatment combinations for maximum flowering may be due to varietals factors In this study, grain yield variation was insignificant for all the treatment combinations due to resultant effect of number of panicle m -2 and grain per panicle. This result showed dissimilarity with the findings of Ashem et al. (2010) . But these characters are closely associated with some yield contributing characters as LAI, total dry matter weight, productive tiller, harvest index and so on. The highest percentage of sterility was observed in normal transplanting with 60-day old seedlings of BRRIdhan49 followed by double transplanting of BRRIdhan46 and the lowest in the plant which was transplanted with 30-day old seedlings of BRRI dhan49. The highest sterility percentage was due to late producing tiller which flowered later and produced inferior spikelets. These spikelets were filled slowly and poorly and ultimately produced unfilled grain. 
CONCLUSION
The results revealed that rice varieties BR22, BRRI dhan46 and BRRI dhan49 showed similar performance under normal transplanting with different aged seedlings and double transplanting in respect of photosynthetic rate, tillering pattern, LAI, total dry matter production and grain yield during T. Aman season.
